An assay to determine the relative virulence of wild-type and mutant strains of Agrobacterium tumefaciens on leaves of Bryophyllum daigremontiana has been developed. This assay is reproducible, is easy to learn, is not time consuming, and requires little space. The relative virulence of cellulose-minus mutants of A. tumefaciens was investigated with this assay. Some of these mutants were unaltered in virulence, while others showed a marked reduction in virulence. The wound sites were scored as positive or negative for tumor formation once a week for 6 weeks. Tumors began to form on the plants after 1 or 2 weeks; new tumors ceased to form after 4 to 6 weeks.
Agrobacterium tumefaciens induces crown gall tumors in wound sites on dicotyledonous plants. Various assays have been used to study tumor formation and to determine the relative virulence of mutant strains with respect to that of the wild-type bacterium. These assays include Anand and Heberlein's potato disc assay (1), Lippincott and Heberlein's pinto bean leaf assay (4) , the pea root assay described by Hawes et al. (2) , and a carrot root assay originally described by Klein and We found that the best way to quantitate bacterial virulence in this assay was to determine the number of bacteria needed to form tumors at 50% of the inoculated sites. Other parameters, such as tumor weight, diameter, and length of time to form tumors, were explored but were not found to give a linear response as the number of bacteria inoculated increased. Figure 1 shows the effect of changes in the number of Determined from the point of 50% tumor induction, the virulence of the mutant Cel-12 was approximately 1/10 that of the parent strain. Similar graphs were drawn for the other cellulose-minus strains and the wild-type strain C58. Table 2 presents the relative virulences of these strains in comparison with A6. C58 proved to be slightly more virulent than A6, in agreement with the general impression of most researchers. This assay showed Cel-1 and Cel-3 to be unaltered in virulence. Cel-4 exhibited a slight increase in virulence and was observed to grow faster than its wild-type parent A6 in Luria broth. An increased growth rate in the leaf wound may account for the small increase in virulence observed. Moderately decreased virulence was observed for Cel-12, while the virulence of Cel-11 was greatly reduced. The TnS insertions in Cel-1, Cel-3, and Cel-4 belong to one operon, while the insertions in Cel-11 and Cel-12 are located in another operon (6) . Expression of genes in both of these operons is required for bacterial cellulose synthesis, but the functions of these genes are not known.
The effects of mutations on the virulence ofA. tumefaciens may be effectively analyzed through the use of this assay when comparing the virulence of a mutated strain with that of the parent strain. In addition, this assay is easy to learn, is not time consuming, and requires little attention after inoculation. These advantages make this bioassay a useful alternative to other virulence assays presently available.
This research was supported by NSF grant no. DCD-8916586.
